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(EN) METHODS AND APPARATUS FOR HIGH-SHEAR MATERIAL TREATMENT 

(FR) PROCEDES ET APPAREIL DE TRAITEMENT DE MATERIAUX PAR FORT CISAILLEMENT 

(EN) High-shear treated materials are passed through a high-shear treatment zone which allows the 
coexistence of free supra-Kolmogoroff eddies larger than the smallest possible Kolmogoroff eddy 
diameter and forced sub-Kolmogoroff eddies smaller than this diameter. This zone includes a 
subsidiary higher-shear zone for suppressing these free eddies. The passage walls (40, 44, 102, 108) 
move relative to one another transverse to the flow to force the simultaneous development of supra- 
Kolmogoroff and sub-Kolmogoroff eddies while maintaining liquid films adherent to the passage 
surfaces. The movement produces only forced sub-Kolmogoroff eddies in the susidiary zone while 
maintaining a non-turbulent flow. Ultrasonic oscillations (52) may be applied to cause 
elastohydrodynamic pressure and viscosity increases and/or production of smaller sub-Kolmogoroff 
eddies. One apparatus includes an inner cylinder rotatable (46) inside a hollow outer cylinder (38), 
another consists of two circular coaxial plates, and the rotational axis can be vertical or horizontal. 

(FR) On fait passer des materiaux traites par fort cisaillement dans une zone de traitement par fort 
cisaillement permettant la coexistence de tourbillons supra-Kolmogoroff libres plus grands que le 
diametre de tourbillons kolmogoroff le plus petit possible, et de tourbillons sub-Kolmogoroff forces plus 
petits que ce diametre. Cette zone comprend une zone de cisaillement superieure auxiliaire destinee a 
supprimer ces tourbillons libres. Les parois de passage (40, 44, 102, 108) sont mobiles les unes par 
rapport aux autres transversalement par rapport au flux, afin de forcer le developpement simultane de 
tourbillons supra-Kolmogoroff et sub-Kolmogoroff, tout en maintenant I'adhesion de films liquides aux 
surfaces des passages. Le mouvement produit uniquement des tourbillons sub-Kolmogoroff forces 
dans la zone auxiliaire, tout en maintenant un flux non turbulent. On peut appliquer des oscillations 
ultrasonores (52) afin de provoquer des augmentations de pression et de viscosite 
elastohydrodynamique et/ou la production de tourbillons sub-Kolmogoroff plus petits. Un appareil 
comprend un cylindre interieur (46) rotatif a Nnterieur d'un cylindre exterieur (38) creux, un autre 
appareil se compose de deux plaques coaxiales circulates, et I'axe de rotation peut etre vertical ou 
horizontal. 

CA, JP, US, AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE. 
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NOTICES * 

JPO and 'NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1. It is Demarcated between Two Path Sides (102 Respectively 40, 44, or 108) Which are Offered by Each Mill 
Member (100 Respectively 38, 46, or 106) and by Which Isolation Arrangement was Approached and Carried Out. 
Had the process which lets the ingredient which should be processed in the passage constituted by the path 
(42 or 116) which has an inlet port (68) and an outlet (70) pass to a flow direction. In the high shear art 
of the fluid ingredient which consists of at least two components whose one side is liquids Passage A free 
super-COL M0G0R0FU eddy with larger spacing between a path and a side (102 40, 44, or 108) than the 
diameter of the minimum Kolmogorov eddy of a flow ingredient, It has the overal l-height shear processing 
zone which can make the energized ** Kolmogorov eddy smaller than the diameter of the minimum Kolmogorov 
eddy live together. An overal l-height shear processing zone It has at least the part to which spacing of a 
path is smaller than the remaining part of an overal l-height shear processing zone so that the 
subprocessing zone of an one- layer quantity shear where a free super-COL M0G0R0FU eddy is controlled in the 
case of passage of an ingredient may be offered. The path side which moves a liquid film in the direction 
where the mill member of each other is moved relatively, and intersects a flow direction in a mill path 
side (102 40, 44, or 108) while ingredient is moving the overal l-height shear processing zone relatively 
(102 40, 44, or 108) 

By moving relatively mutual ly with relative velocity which energizes coincidence formation with a super-COL 
M0G0R0FU eddy and a ** Kolmogorov eddy so that an ingredient may be processed on a super-micron and 
submicron scale, it being alike and carrying out covering maintenance A processing ingredient is made as 
much as possible into homogeneity. High shear art of the fluid ingredient characterized by forming only the 
** Kolmogorov eddy energized while the starting relative motion held the non-turbulent flow condition in 
the subprocessing zone of much more a high shear. 

2. the subprocessing zone of much more a high shear be an approach given in the 1st term of a claim 
characterize by having the gap (G) of a minimum interval between path sides (102 40, 44, or 108) so that a 
processing operation may be raise by decreasing gradually and raising the viscosity of an ingredient 
locally so that spacing of a path side may form hydrodynamic pressure in a flow ingredient. 

3. An overall height shear processing zone be an approach given in the 2nd term of a claim characterize by 
have the gap (H) of the maximum spacing further between the path sides (102 40, 44, or 108) which enlarge 
spacing of a path side gradually, and cycle change of the thickness of the cross section of a path face-to- 
face flow ingredient arise by path face-to-face relative motion. 

4. Spacing between Path and Side (102 40, 44, or 108) in Gap G by Which Isolation Arrangement was 
Approached and Carried Out is Path Side [ in/ it is in the Range of 1 Micrometer thru/or 5Mm, and / Gap 
H ] (102 40, 44, or 108) by Which Isolation Arrangement was Approached and Carried Out. 

Spacing of a between is an approach given in the 3rd term of a claim used for mixing of the taking object 
of the component of the ingredient characterized by being in the range of 2mm thru/or 2cm, and/or a carrier 
I i quid. 

5. Spacing between a path and the side (102 40, 44, or 108) in an overal l-height shear processing zone by 
which isolation arrangement was approached and carried out is an approach given in either the claim 1st 
characterized by being in 0.1 thru/or the range of 500 micrometers thru/or the 3rd term. 

6. Spacing between a path and the side (102 40, 44, or 108) in the subprocessing zone of much more a high 
shear by which isolation arrangement was approach and carried out is an approach given in the 5th term of a 
claim characterize by set among both the liquid film put on the path side move relatively to perform an 
interaction without an inter layer mutually. 

7. spacing between a path and the side (102 40, 44, or 108) in the subprocessing zone of much more a high 
shear by which isolation arrangement be approach and carried out be an approach given in the claim 5th or 
the 6th term use for grinding of the solid-state powder ingredient took to the carrier liquid characterize 
by be the maximum grain size by which an ingredient should be grind. 

8. A mill member (100 38, 46, or 106) is an approach given in either the claim 1st characterized by being 
moved so that per [ 0. 5 ] part thru/or the phase twisted-pair- 1 ine rate of 200 meters may be formed between 
the path sides (102 40, 44, or 108) by which isolation arrangement was approached and carried out thru/or 
the 7th term. 

9. Hollow Outside Cylinder to which Mill Member (38 46) was Fixed (38), It is the outside cylinder (46) 
which was attached in the fixed hollow outside cylinder so that it might rotate focusing on axis of 
rotation (50) of a longitudinal direction and which can be rotated. Two cylinders are approaches given in 
either the claim 1st characterized by being attached so that axis of rotation may be intersected, it may 
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move relatively mutually and spacing between passage and two sides (40 44) which counter may be changed 
thr6/or the 8th term. 

10. The subprocessing zone of much more a high shear between mill members (38 46) is an approach given in 
the 9th term of a claim characterized by being formed between the flat surface part (98) of the inside (40) 
of a fixed hollow outside cylinder (38), and the cylinder surface part (44) of the inside cylinder (46) 
which can be rotated, and raising convergence of two surface parts (44 98). 

11. Mill Member (100 106) is Attached so that it May Rotate Relatively Mutually focusing on Common Axis of 
Rotation (110 or 128) passing through Core. A path side (102 40, 44, or 108) is constituted by the front 
face where two plates counter. A plate is an approach given in either the claim 1st characterized by being 
attached so that it may move relatively mutually along with axis of rotation again and the distance between 
two opposed faces may be changed thru/or the 8th term. 

12. An overal I -height shear processing zone and the subprocessing zone of much more a high shear are an 
approach given in either the claim 1st characterized by having the same flare mutually thru/or the 11th 
term. 

13. an approach given in either the claim 1st characterize by be impress by the wall of the path in an 
overall height shear processing zone so that a processing operation may be raise , when the increment in 
the local viscosity by elastic hydrodynamics squeeze film operation [ in / in vertical pressure vibration / 
a liquid film ] arise in an ingredient thru/or the 12th term . 

14. an approach given in the claim 1st thru/or the 12th term characterize by be impress by the wall of the 
path in an overall height shear processing zone so that a processing operation may be raise , when the 
increment in the local viscosity by the energized ** Kolmogorov eddy [ in / in vertical pressure 
vibration / an ingredient ] arise in an ingredient . 

15. Equipment Frame (34) It is Attached in Equipment Frame (34). and So that the circulation way 
(respectively 42 or 116) which constitutes the passage which pours the ingredient which has an inlet port 
(68) and an outlet (70) and should be processed may be formed It has the 1st [ which offers the 1st and 2nd 
path sides (102 40, 44 or 108) by which approached mutually and isolation arrangement was carried out ], 
and 2nd mill members (100 38, 46, or 106). In the high shear processor of the fluid ingredient which 
consists of at least two components whose one side is I i quids Passage A free super-COL M0G0R0FU eddy with 
larger spacing between a path and a side (102 40, 44, or 108) than the diameter of the minimum Kolmogorov 
eddy of a flow ingredient. It has the overal I -height shear processing zone which can make the energized ** 
Kolmogorov eddy smaller than the diameter of the minimum Kolmogorov eddy live together. An overal I -height 
shear processing zone It has at least the part to which spacing of a path is smaller than the remaining 
part of an overal I -height shear processing zone so that the subprocessing zone of an one- layer quantity 
shear where a free super-COL M0G0R0FU eddy is controlled in the case of passage of an ingredient may be 
offered, motor means is connected at least to one side of a mill member (46 or 106). In the direction which 
intersects a flow direction, the 1st and 2nd path sides (respectively 44 or 108) So that an ingredient may 
be processed on a super-micron and submicron scale, carrying out covering maintenance of the liquid film in 
the path side (102 40, 44, or 108) moved relatively By moving a member so that it may move relatively 
mutually with relative velocity which energizes coincidence formation with a super-COL MOGOROFU eddy and a 
** Kolmogorov eddy A processing ingredient is made as much as possible into homogeneity. High shear 
processor of the fluid ingredient characterized by forming only the ** Kolmogorov eddy energized while the 
starting relative motion held the non-turbulent flow condition in the subprocessing zone of much more a 
high shear. 

16. the subprocessing zone of much more a high shear be given in the 15th term of a claim characterize by 
having the gap (G) of a minimum interval between path sides (102 40, 44, or 108) so that a processing 
operation may be raise by decreasing gradually and raising the viscosity of an ingredient locally so that 
spacing of a path side may form hydrodynamic pressure in a flow ingredient. 

17. An overall height shear processing zone be equipment given in the 16th term of a claim characterize by 
have the gap (H) of the maximum spacing further between the path sides (102 40, 44, or 108) which enlarge 
spacing of a path side gradually, and cycle change of the thickness of the cross section of a path face-to- 
face flow ingredient arise by path face-to-face relative motion. 

18. Spacing between Path and Side (102 40, 44, or 108) in Gap G by Which Isolation Arrangement was 
Approached and Carried Out is in the Range of 1 Micrometer thru/or 5Mm. Spacing between a path and the side 
( 102 40, 44, or 108) in a gap H by which isolation arrangement be approach and carried out be equipment 
given in the 17th term of a claim use for mixing of the taking object of the component of the ingredient 
characterize by be in the range of 2mm thru/or 2cm, and/or a carrier liquid. 

19. Spacing between a path and the side (102 40, 44, or 108) in an overal I -height shear processing zone by 
which isolation arrangement was approached and carried out is equipment given in either the claim 15th 
characterized by being in 0.1 thru/or the range of 500 micrometers thru/or the 18th term. 

20. A mi 1 1 member (100 38, 46, or 106) is equipment given in either the claim 15th characterized by being 
moved by the motor means so that per [ 0. 5 ] part thru/or the phase twisted-pair- 1 ine rate of 200 meters 
may be formed between the path sides (102 40, 44, or 108) by which isolation arrangement was approached and 
carried out thru/or the 19th term. 

21. Hollow Outside Cylinder to which Mill Member (38 46) was Fixed (38), It is the outside cylinder (46) 
which was attached in the fixed hollow outside cylinder so that it might rotate focusing on axis of 
rotation (50) of a longitudinal direction and which can be rotated. Two cylinders are equipment given in 
either the claim 15th characterized by being attached so that axis of rotation may be intersected, it may 
move relatively mutually and spacing between passage and two sides (40 44) which counter may be changed 
thru/or the 20th term. 
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22. The subprocessing zone of much more a high shear between mill members (38 46) is equipment given in the 
21st term of a claim characterized by being formed between the flat surface part (98) of the inside (40) of 
a fixed hollow outside cylinder (38), and the cylinder surface part (44) of the inside cylinder (46) which 
can be rotated, and raising convergence of two surface parts (44 98). 

23. Mill Member (100 106) is Attached so that it May Rotate Relatively Mutually focusing on Common Axis of 
Rotation (110 or 128) passing through Core. A path side (102 40, 44, or 108) is constituted by the front 
face where two plates counter. A plate is equipment given in either the claim 15th characterized by being 
attached so that it may move relatively mutually along with axis of rotation again and the distance between 
two opposed faces may be changed thru/or the 20th term, 

24. For an overal l-height shear processing zone and the subprocessing zone of much more a high shear, by 
being mutual ly [ evenly ] parallel, the path side (102 108) of a mill member is equipment given in the 23rd 
term of a claim characterized by having the same flare mutually. 

25. equipment given in either the claim 15 characterize by connect with the wall of the circulation way of 
an overall height shear processing zone so that vertical pressure vibration be impress to an ingredient, in 
order that the converter (52) which generate pressure vibration of at least one length raise a processing 
operation by make the local viscosity of an ingredient increase by the elastic hydrodynamic squeeze film 
operation in a liquid film thru/or 24 term 

26. equipment given in either the claim 15th characterize by connecting with the wall of the circulation 
way of an overall height shear processing zone so that vertical pressure vibration be impress to an 
ingredient, in order that the converter (52) which generate pressure vibration of at least one length raise 
a processing operation by forming the ** Kolmogorov eddy which energize in an ingredient thru/or the 24th 
term 

27. The path side (102 40, 44, or 108) by which the mill member (100 38, 46, or 106) approached, and 
isolation arrangement was carried out is equipment given in either the claim 15th which it has M expressed 
with M=F/R of the range of 1 thru/or 5, and F is the thickness of the film of a path side, and is 
characterized by R being surface roughness thru/or the 26th term. 

28. The path side (102 40, 44, or 108) by which isolation arrangement was approached and carried out is 
equipment given in the 27th term of a claim characterized by being beyond gloss- 1 ess mirror plane 
finishing. 



[Translation done. ] 
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0 2, 1 0 8) Ha©P»£ 1 V-T^n^— h/WS5mm<D®Mc&D, ^> v 
^HtCfettSgJaffbrMtPHBSe^nfcjiBSffi (4 0, 4 4 icft& 1 0 2, 108 
) WPI«2mm^2 c mOfBBlC&S C ££#^£^SW|SU3<kDV'3:fc 

So 



4 

(6) #£¥8-50 0 5 2 4 

19. £mmmmm*/->K&tt%m&Lxmmmwztircimm uo, 4 4 

$fdil 0 2, 1 0 8) ffl(Dfflm*0. 0 0^*n*— h/l/<DSjMc 

2 0. (3 8, 4 6 gfcfc* 1 0 0, 1 0 6) ^iSbTgiHIBeS^nfc 

i§E§®(4 0, 4 4g;fc&10 2, 1 0 8) BflfcSHiSfe*) 0. 5 7^1200^- 

sm^toiBH^i 5jj;si 9^ot/^-rn*Hcraos«o 

2 l. 5;l/gp*f (3 8, 4 6) H3£«nfePt»ffin«S/U (3 8) fi 
^7?lRlOlHllte«iilS (5 0) **^te|HlfE"rs«k 5 K:Ea3t*^«'>U vertical 

w^n/ciHi^effionffla^u y# (4 6) 2o©s/y:/^fcj:iH«9ft»fc 

^MUTSVHCffl^Wtci&l/>T2*Q©^|ql-r5dSJKffi (4 0, 4 4) 

2 2. 5;1/8P# (3 8, 4 6) lfflO-«WISf»f08!lftiai x /->«, @^4>^MH'J 
^'J>^ (38) Ort® (40) ©^fflSSP (98) t®m&&<DlHM^V># 
(4 6) CDRfgf®g|$ (4 4) fcOK^fig^nr 2O0ffigp (4 4, 9 8) OiR 

2 3. (1 0 0, 1 0 6) (1 1 O^fcte 

12 8) ^^L^SlHCtS^^[Hf5-r^J;a^«^n, (4 0, 4 4 

Sfc&i 02, 108) ti2oo^i^— h©*fiRi*rs^Bic < fco-r«i^nx y 

^^^^^TO^tlTt/^C^^m^-r^lf^OlBHmi 5 7^2 o^ov^-r 

2 4. 5;l/gpfcT(DjI8ffi (1 0 2, 1 0 8) ti¥ffl"i?feD*^S^K:¥ff**"r 
c tick 0, ^MtSr®I^->i:- Sal^OSiJ&Jiy-MiS^fclRl C»s 

2 5. £& 1 00»OBE*fii*»4t*ffillS (5 2) tf, »7^V 



(7) ¥f$i¥-8-5 0 0 5 2 4 

rnmi 57^M2 4^©^-rn^fciBtt©atfiio 

2 6. 4>&< fcfe 1 -D<Dm<DJ£tlMW}*5%3i?2>^Wi%% (5 2) ttlBSftfc 

£££#^£t-&ff^OfBBSill 5 7iM2 4^©v^njb^iH«©*«o 

2 7. (3 8, 4 6Sfcttl0 0, 1 0 6) ©SBfiL TOBIES 2 ftfc 

iIS§ffi(4 0, 4 4Sfcttl 0 2, 1 0 8) Ji 1 7!;M 5 <Z>$6H<*X M = F / R T 

2 8. gfafi UTBIPHEe^ nfcMKM (4 0, 4 4i;7c& 1 0 2, 1 0 8) «§6 



1 



(8) 8-500524 

y*vt]'£%mi£i3ifz>mm-e&z>*mi*, 1992^8^260(26. 0 
8. 92) immzti, mtt$&znry>z*mmA<D9c<Dmmi£mzxm ! &gt 
m,mm 07/935, 277 mo-&immm.v& 0 ^ ^mmmmrn 3 5 mm 1 

W&O, *mWmi£l3^T&mt£tlX^& rrnmmHimj (high-shear treatm 
enOftZmi*. ^ i: 5 ©T^ 0 , l"ig^j (mixing) 
mimM, £W*5<fctf#«*S*, r^^lJ (milling)&£§^)|«(grindi 
ng) . Wfotft (comm i nut ing) <fc 8? (deagg 1 omera t i ng) *^tS t> © "C § 0 

ided)-tr^ 5 -y Ztfm<DX<7 VffimfcfrZ&Z. ^S^ffi^^^BJCMf S 
^fffltS(:i:*^tit^^*oti/^ 0 entire, t7 5 7^o» 



(9) ®S¥8-5 00 5 2 4 

^>m<D*m*m'?z£t&m&izti. tmo-xsm mx.&. 1^7011%) 
mz&¥tm&"i*&o. (ffliAtf. #1 5%) *^fiEfe<fctf/jMiaT?feSo 

m^tO^^^-rsotcXh — Xstone) 0*7— #9 > £70 *5&Xlnw< 

?n, (36oo /is 540 omn/K) vm^n, mmmici*2 

£-&cl£— mc, !/>©2 5^^n^-hM^3, 0 0 ov^^n^- h;l/T 
ii1ttt5 07!jM7 5T^^n^-h;Hfii:i9:ot^5o fWiXh 



« i- 

(10). !ffg¥8-5 00 5 2 4 

£i tc 3d § o 

^tl^tlcD^/l/gP^Cmill member) ^ckt)jS^n§ 20©&i£LTSiHg 

it, 

£±#l^S&&ig3;l/^:3 > n;7?®(supra-Kolmogoroff eddy)£, JR/J^3;l/^erT 
n^r^^E^J: K> *>/>$l/^^$n/c?Pn;l/ ; ed > P7?i(sub-Kolmogoroff eddy) 
^^|WJB#tc#ft-T§Ci:^-e#§^M»f^a N /-y (overall high-shear trea 
tment zone) ^^^^ 

— MMWffi<DMiMM*/— ^subsidiary higher-shear treatment zone)%ffii&f 



(11) #£¥8-50052 4 

So 

$$©j±;bi®i!j(longitudinal pressure oscillation)*^ <4 /l/<MC3ott 

5M^fWX^-f-X7 -< ;V Afpffl (squeeze-f i lm ef f ect) £> J; OV f: fc 

*n£#& c tick omm< / jrm*Mm'$ikz> ^mmmtemv—z/icis^z 
ttfv% z> &5 icmmzntcmzyh'-h £•?%>£ £&z%, .m&mz2$c<D7 



(12) £5fS¥8-5 0 0 5 2 4 

m i its ^j\yfflm^knmM%^Mzmttmz®nir%^nmm i comm. 

m2&s mm F7i,$;v»^ti i©2-2 %mmmmffimx& d , 
m 3 it. ^mmmcommmtt^-tm z t mm<om^^<o^immmx& 

i4tt, m l *5<fc 0 2 CO K 7 A ^ ;l/©SP^M®*3 <k t>*S#73 (RJOgP^glfSD 

p«oiii7?«»fiBiaTa6 1> . 

TV- h LT^a!brca©ilj[fi^*W«7?^^^**^7!7 

Urtte-T 3 TV- h 8 CD 7 - 7 |g&£fi|;54ftBrffiBI'?& D , 

I8(i, 0 7coT > U-h5;I/O8-8«™frffi^-e^D, i9tt, 

- h 5 jicom 7 1 mm<DmmMJjmmmmx& d , 
01 cm, ia9cDfig^cDP3T*H^nfcgp^i o«^:ig-efeo> 

113 (s®7^§) X7'j^ii^n§, m-yu-h^fczmmv 



(13) #^¥8-5 00 5 24 

fgg^ frUfls-r % ft #> mm 

J;0fnfW?n§, TF^AJ 5/1/ ("drum" mill) LTtD^fcWLT 
£ ft, EI 6 T^MS l l (DmMMte, \M? £ 5/l/ffifr7°U- hM©9tf 
tC^D-^n^njift^tl^^ r^U-Fj ^/K'plate" milD^bTOlfiS:^ 

^rm-icftmizn, fro, (£^cj£CTf«ifc2^&fr£>) ^o/j^&^je 

7J<14^^c^^7J<14£D. r^^^n^;Vfi:Ji^ ^TOP&itfr^Uc, 

RUM5+ti8ti xmm$m4, 071, 2 2 smcm^tir^zz-c 
7<D&<D£>w%is\s\ *mmwizis^riz. ccD^mm^mLx, ^(omm 
KiX7L% 0 mmcmm-rzt, frfr^^im, m&xmftLxmmm 
wzntcfis-v 2 0^^oTjfM^n'fc2o(0TO^^-r'i'i^ii^w-r§^ 

£tu ^[pJ-r^^^e.MK^. S^tc^D. fro, ^WCig^tfe 



(14) #^¥8-500 5 2 4 

mcft&?zMMfo<DMMmt>mm-v&2> c £&e<d& ? ftm^K (om&K&%> 

o 

£<Df>ffixm&$zTirz£. mcifflztircx^viz, #yfz6is&x$z~- 

Ell 3&cfci\ yi^— h^;l/3 2 tLXm^ZtiX^Z^— (D5.;]s%:nWMm$& 

ic 431 l t / w ^mmitft ft 5 ii^^nt ^ s <, rum5+»?. 

O^I^^tl/cX7'J(^ K7A5*-9-2 4K^tU *-©^2 6fe 

mmitmn, mmcD^uh^-Mc^^xn^n, ^Mzmmzm^mftnm. 
(on^mmu mmt>mmcDtix, mkmrcizmygmcmmsn, mmnm 



(15) 8&¥8-5 00 5 2 4 

«IP3iafffi4 4teJ:D*«*nT43 0, ^HWJ&c&^Tte, F*gfflfJP3f§f ^7^3P^4 
t?nfc^<DRIMP.ii^nT^§o IIg§5 2 (0 2) -»^3 

mz&x m&<Dm'£%mmtf3i£&*.& tevxts*)^ mm<o / p^< t&c^ 

m\stmm&ifcikftr&r> &5lcWM (0^-T) KW^tEti, AP 5 4 fe^tfffi 
<E>3B#W\ ZX't-'JU-h 5 8tc.J;DSffl^n, AP 

Rltfg|3M3 8©l*|gp«:, 3^gp:7 -^tl^f tllxS £ tlfz 2 ~D<D Y¥foi3> 

^lx-h 6 6JC«k»3lB±$nTfet3, h©— ^tc(«TSPt«:x^U 

Xtryh>"-A/7 4ft&i3rt—*7ls— h 6 6 hUWVvi^r 7 6 fcOBBfcfilEJSS 

^t7h4 8&20<D^TD^7 8^J;DIeI^S&^*^n, &*7V>. 
?7 8lZ&?xnX^-8 0lz£9mn~Zns §70X/^(t 20(D{|ij77^m 



(16) #^¥8-5 0 0 5 2 4 

^^t-^nX/^C^Tcfc^y h*Mf&LT^Z>o ^nx^-OC«jgP 
FJT^Otf^y h«I^t§ 7 h 7 7^8 8 (HI) lc£ 

%mmc±i*%;*\L?ic&t) m^mm £ n& c t win v ^ a tc l t <, > § 

jii[©rtSP7 a icmm l tc^^mw^n^m^^-^^m- set 

mmmmmv-i/M h v-y-- h kit ^iws-r sspshju £ 
jSf35^s^-^rttc-jsiaf©K©iimav r --^*«ifig*r s ^ £ fe£. otic*? 

<£9fe'h£<&oT^So fct, 3Mftl&4 2m77 , H*>6^>y7G^ 



(17) &a¥8-5 00 5 2 4 

±I-efe t> x 2 OtDtgflBrrS ^ /l/Ste^i^Ccounterformal) (#£^ (non-conf 
ormal)^^Wn§) ^> >y ^rtfe <fc OT> 7^t<-ii1-§ £ 

El 3 ©^fififfl©¥fiffi9 8 (i, «HS^g-e*« ^M^-Tcl fc#T*#, ¥fiti4 

a ^«fijc^n7c# %.<DnmMici3^Tte, ftwmt 4 6 tuw$ 1 5 c m 

(6Y>f) 2OOM2OOO0fe/^ $?3;L<&, 4 0 0ftS6 

0 0 Wfc/tt<V&&T*mlfcZn%>o 4 h 9 6 ©J^tf IrJ©"!! «\ ^ 2 . 5 c 



(18) #S¥8-500 5 2 4 

/^>^*«ffllt^l/y MtStifcffifttf&ffcO. 3v^^n^-b;V(D, m 

m&M^rcmft%:mki?j^~T'v& k> , h«-9--rx^i 0 ot^mi 5 0 

IT, ^acDWSS'^iJ (i^I/n-TOO. 3M%) fcfcfefcil 00^7A© 



(19) 8-500524 

t$>0. 8V^^n^- h;VJ;D *>/J>2<x 9 9. 2 5%^0. 7W^d^- 
h ;!/<}: 9 Mn£<, 9 6%^0. 6^^n^-hMH/J^^fe©t%ot 

fes ^ft^MR#*»SK«Jt«WS^iaiO rx-S>vyj ("aging W*;^ 

L T 59»r3fe S^ffife § c £ &c <fc o T « Witfc: fflb c t It V # & v \, frfr % Mtt 
*Mfc:o^T©:n>r • ^ • n/i/*:in:7a.N.Koimogoroff)1#±©ffi2S£«J;n 

* — h;l/<fc D i:Wit*fe§2i £#fE£>jWz:LT^ 



(20) 1#a¥8-5 00 5 2 4 

n^rfn^tigfc, 3ftrte©gL»E©«^ ^^Witc^^t, Lk £ 
P.) K:*fLT, fJ^A^LT 

3 14 

Lk = (v /Pi.) 

^^ittwj?n§ 0 <icDM^e,^MJc, ffift<Dftmtfi±&r&£* mcom% 

X^U«, il^ 0. 0 77)M0. 7kg/cm ! (1-1 Ops 



(21) #S¥8-5 00 5 2 4 

m * u fro«*tDM»T^MWf# ^ti§wi^+ «y y g k ^xmz turn 
LT»j-r§cii:^T*#s®^#«E-&-r, Hot, dftn^si/Hcjuwrb-a-d 2-d 

=Tn ym £W> n;l/^e rf n 7 jao^r^^fl^Sf^fflaV— > #1/ iRl^c^f 

lc fffflUoTW^ ;l«lfpffl SrfT ii o c £ #7? ^ £ J: a fc: * o T 1/ > S 0 US 
5 ;l/SPW©ffl*f HUSK: «fe 0 ^-v y ^ G *^ ^ y ^"H ^iRitt T 5 1 * "T 6 ti S 

*5^TM^}i*:3)iyMmmzn2> 0 frfrzmimj&i<tiz£, ^tum&tf 
m&<D<i<DffiftT*ff%:t>n, y-fjisi±*mm—mcmfrLTiY&m*%:<L, m 

zvl^3uyM*ttiMirz>££&K, Wxfr*3uyM^<Dlim*&ffl'?&o c 

— sra^fogwiy-^^fev^TtT^^n^^ £ fete. Mfgic^^saai 
g 7* « «^ RifiiT? & s t # * e> n s g£ £ *c ^ ;W5&g t Mm £ a* fr 

o 



(22) 1$g¥8-5 00 5 2 4 



(23) »g¥8-5.00 5 2 4 

it 

mMcommmnvAm-mmmivoiume friction)^fijfflbrv^ 0 *&mz. m. 

2>m'b7 -fA/Uf. <DWck7 4 /l/AJ?tc2tr£it& 1 : 2M1 : 5 0<DSBH^ 
glXfcJu l : 2 7!;Ml : lO<DfBB££n§o iDMRS*S#tc^:# < « c £ 

It, Mitm^.5, £?2;L<«, 2. 5 7^S3 0|BHO{ii^Wf Z&vKiT^ 
3KUW L£5 tirzm&telZ. IffiS^ttO. 3 3^^D^-h;Wftt 

OHO^n 77^ /l/^*. ^07a fete £ D M«lT 5CWt5o 



i 



(24) ^g¥8-5 00 5 2 4 

ic s mmmc&tii£. mm*. ^miy^-i-jmmf(om^(o^^^y^!±^ 

LTi^-T S^lRFtC*^ D IK £ # £f# <o tl£ X 24— Xy 4 )\s2±\tm (squeeze 
-film effect) Ltfi]5nTV^ Z£teWt%ffl&¥<Dtomfc 



1 



(25) 8-500524 

|sii:«^©tt«fcJt^T2 o, o o om&!) &ctwv%, mtbt^ 

<fc D^ms^tfJErtflMHtf^-rs £ £ fete, aE»«»©jaap«iScD^L^38:^ 



(26) 8-500524 

tCfeV^TT^^fc^— ^^^ck^MllM^ rv^nrl-g-T^J ("macromix 
ltftt0^cDJE^l&^TOP^§C^tCj:D^tCtf^:t3tl§ r^^ni^j ("mi 

i/ U y^"4 6 Om^MflJflS 4 4 CO rx4^> F^'y^J ("skin-drag") <fc D ffl 
# V ^> >y jb^ffi-T S ffil 6 "T, X 9 U <D^:T tf^ * >y ^ G L X [§J$e 

%mm<D «fe -5 icM § d i: ^t? # 3 £ a 2 v ^fc © * o T v ^ o 

y fcj&mv—mzmf znrcmfov ap (0^-r) a^sissg*^ 

> BiJ©APfc:<k0 2o©S/y>^raof^ffl/S^IHItc«l&«tiS^ Mrictfti 



(27) <®m¥ 8-5 00 5 

§§52 tsfrmt 3 8 tvmicteti -fv i/?mt 1 4 8 imm-zti. * f 

ft£©iIB&fc:fcl\ *aW#0»W»C««*HWtt : ^4, 7 8 4, 2 l 8 

2ooacDt@^^ij#©jijg i tt7c, iium, m&<DW&& 0 ta^jc^ < 

, F«g(H!h>U>^©ig^l 5 cm (6^^) O^&JCti, HtfteiMte 

3^ 2 0 0 7!;S2 0, 0 0 O0$£/;fr<9i5ffl&cfet>, 8? S Ll^lBHfcJ: 5 0 O/bM 

5, ooo0Ie/5)t^o m&fr&o*%^&rci*&Q'bz\,^>iwmz> m 
bi 1 j^m® 5 ic^-fi^M&v^n^ 7j<¥&*g^0i£$fii§i5 o^wurv^ 

3 4mtW„ K7AS4 Of^M^Mffil 0 2 F7A5/1/ 
SP«3 8k:m-rSH^OR^Sftyu-hgP«l 0 0^ #1&TOfr£&SU 



(28) #S¥8-5 00 5 2 4 

yu~ h£>mmj3mz&&fcmw)-?2> c ttf-v%%£? tc^T^s^ mas 

ssu 1 o^^LN^m^-r^^a^^u-h 1 0 ocD±^t;:^*^nTi/^o 
jjicmztzmmm 4 8 #wi££n, /u- hjw 1 0 6 ^^>M^isin^^^ y 
1 6«t§/p- hgp^osi 02^10 8mcommte. ^M^tfimznok 

\inicW]frLl3<Z:rJ : /£tctei/^y h 4 8^FrttIB^ifi]ti^i-i: iitc^D 

^tiissom^M^mc^-r^fcfev mm^Ytis^y h 4 8 t^ttft 

1 1 O^^Wi^^^X^Km^hX^o fr<LT, MES^X Pal 



(29) 8-500524 
fcl^Ttt ®1 0 8&5V>tiSl 0 2£l 0 8©MI^ iSlEOJ^KKI^JSKbT 

m&?£tizi)\ mx'W?6 sit-fu—h i ooojgi&^SL^i/^^^^u 

?Ll 2 0^tT7l/-h 1 0 0£>ffM^cA9> #y?(DJ±tl<D&m%: 

ii^fpj^n^o ?L1 2 0ft SMI 1 6^\OAPi:tTfffflt§o 

>/>^3 6 ©(WRSESSM 2 4 fc, ^U- M 0 0 *5<fctf 1 0 6 t 

^cfcafcffl^-a-^^n^c^fc^t). \ i ^L.^Mmv<mm^tircmmmc 

cm (lO^yf) T\ 03ff#*6. 2 5mm (0. 2 5-f>f) MfcS 



(30) 8-500524 

mmmmfcmLTtt%v^mm(Dmmte. ^ttp»n§»j:§^ 25c 
^yfG(om^(DM^it, F^L.^frcom^tmmz, i7^^n^-h;w 

¥*9tfi^fc*BMW«tf&»K »K*rs^;l/©«^Jc«, i«I05;l/!b^g^©5 

(Dmncommitmmi ov^^n^-h^^ ^^y^MTOMk: 
oftsi oo^^n^-h frtDffimvttntfm&znz ^/w* 0 nm 1 v-r ? 

5 ^ OTiSO. 2Y^^nh^-h;l/ (07!;S2 0 0ty^-h;l/) colEHcO 



(31) #g¥8-5 00 5 2 4 

mmi£i8^r&mzti&m&tf2 5 cm (1 0-0?-) oyfv— h 

6cm (2. 5-T>^) W^STM^bfc^. ±gP^L^-h£DlHl$E 
W-r^^M^rMV-^^rJfM-r^ci^^^D, ^l/-h l 0 0£>J:tM 0 6 

^©siB^fev^rgBiasnSo ^soy^ h^tB^^wu i 6 

kH z7?jM5 0 kHzOSSaSSl^ib, C L^HSH"?* 9* 

Tfc*8 kH z7}Ml 0 0 kH zt^D, cntiS^iSOTfcSStf 5o 
0 9«, BiJ©^U-h5;I/©^«Bfi»J*^-rg¥^lRl©«IWf®BI"efe0s £©H 



(32) #^¥8-5 00 5 2 4 

fcmm%& 1 3 o©±fis&auc@jgt£*u 1 0 0 ic«#tt*f^cD 

1 3 2t, >Jy^i3 4i:> >r—i/z/7 i36t, H^tfX^y M 2 6 £ 
Of^cM^ntl^o MUl 2 8 *<$folCviM'?ls— h 1 0 6^Kft5^ + 
y.h4 8t>\ ^-X^ b- h 3 4 ^tl/cSIJft 1 4 2©±M^tl 

fc^TU^l 4 0^lX«^n, *7^'Jy^l 4 4^/rLTB/^b^^-^ 
lC<fc!)*KS&<**U C*UC<fc«X MBl 2 8^ oft ^7 ht/U-hO^ 

r^-trx^oj^^^^o ^>>y^G©iwn oicmmic^znxisv, m 

tcM^oTt/^o 0 7:?o<mE8cDil»JcQiISg 1 1 6 HO C7£H£rlX& 

Cl^^T^^o #^OH«!RC*5^T&, L<D{jIteO. 5 71ii5mm^0, ft 

i&^JfMf 1 02^10 8«7°U-h 1 0 0*5d;tM 0 6 (D^&ftfa 



(33) 8-500524 

frx$>2><> 



1 0 

i 2 ^fiSig^maiif ]Bt^ 



(34) 

1 4 

1 6 ^mm&m&wimtf-y? 

1 8 Mrl-&IHSSRUM 

2 0 RUMi^U-h 

2 2 RUMlfiSM 

2 4 K^A^^It 

2 6 y^Sf^f 

2 8 ^—"y 

3 0 *WF7A^;V 

32 ^mmyis—h^fr 

34 gi^-xy^h 

3 6 tpffltr—Z/^f? 

3 8 ^diJRffS^WW 

4 0 5;W3 8 0rtffl 

4 2 F^A^/VO^^MES 

4 4 5;l/g|5^4 6 (DW-WW 

4 6 rtflJRISf^VSB** 

4 8 5;l/gPM4 6 0^+7 h 
50 ^7K4 8 (Dzk^ffili 

5 2 57V©aWJ6S»S8 

5 4/56 ^IftagO^aiffJAP/tHP 

5 8 ^IMMt5*^-7°l/' 

6 0/6 2 5«|jiA/S(lll/W7 

6 4 h 

6 6 iffiffifJ^-7ls~h 

6 8/7 0 7s?vmx/&m'W7 

7 2 m^f\y-h6 6<D?L 
7 4 ^7h^-/V 



(35) #^¥8-5 00 5 2 4 

7 6 UWVvi/^ 

7 8 '>t7h4 8(D^7'J^ 

8 0 ^'jyy7 8^t§^axA- 

8 2/8 4 ^nx;^- 8 0<D^T U y^Xh 

8 6 *U7>/*—<D\Ztfyh1fom 

8 8 7l/^Wh7'yy 

9 0 teU#fn>yF 
9 2 JEEJgtife 

9 4 WSE-J-vh 

9 5 KK^y^UV^ 

9 6 5;l/«P**4 6©^V9— h 

9 8 -0-9— h 9 6£>^;MMcS 

i o o wfevm~7\s- v^frmi 

102 hgfl#l 0 0<D^;l/® 

104 m i o o omm&m u >^ 

i o 6 mR&tE<ovm~?\s— h 

108 yi/-hMl 0 8©$;l/ffl 

110 7l/-h5;l/OiEiI 

1 1 2 5/KDSH3fc£ 

i l 4 ^e— £ iESfjcr* ^ ;Hg®j^N v F 

l l 6 
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